Monthly mean values of the geostrophic angular momentum transport a t 500 mb. have been computed as n function of latitude and zonal wave number (1 through 10) for a 10-yr. period.
INTRODUCTION
It has long been realized that the large-scale, zonally asymmetric disturbances in the atmosphere generally transport relative angular momentum from the low-and high-latitude easterly wind regimes into the mid-latitude westerly current. Starr [9] and Mintz [3] , utilizing observed and geostrophic wind data respectively, were among the first to verify this hypothesis of Jeffreys [ [2] , have demonstrated that the quasi-horizontal "eddies" play a major role in maintaining the kinetic energy of the zonal flow against frictional dissipation. The foundation of these studies, however, is the latitudinal distribution of the angular momen tum transport and mean zonal flow. Hence, it is of concern that to date no clear picture has emerged that depicts this momentum transfer as a function of wave number in the time-mean sense.
It is our purpose to present a 10-yr. monthly average of the 500-mb. angular momentum transport in the Northern Hemisphere as a function of latitude and wave number, and to relate this transport to the seasonal and latitudinal variations of the mean zonal wind.
PROCEDURE
The meridional flux of relative angular momentum wross a latitude wall, per unit time, is given by 5' of latitude from 17.5' N. to 77.5" N., and averaged to obtain monthly means. The latter quantities were then T,(4)=2nu2g-' cos2 9 2 { U(n>V( -n)+U( -n)V(n) > * (4) 
-25 -8 -1 Table 1 presents the annual means, averaged over the 10 years, of the zonal mind (n=O) and of the angular momentum transports for each of the wave numbers 1 through 10. It is clear that the flux of angular momentum is generally positive (poleward) from 17.5' N. into midlatitudes, changing sign a t the higher latitudes. The resulting convergence of angular momen tum transport
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generally attains maximum strength in the region of maximum zonal wind. Furthermore, wave numbers 2 and 3 behave in a rather anomalous manner as compared to the others. The negative transport by wave 2 a t higher latitudes extends farther south, and is much larger in magnitude, than the flux due to any of the others. Also, the negative transport in low latitudes is in distinct contrast to the other waves. Wave 3, on the other hand, transports momentum poleward in mid-latitudes at a rate at least twice as great as that of any other wave number. Comparison of the transports summed over wave numbers [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] and 1-15 confirms our earlier remarks concerning the contribution of the higher wave numbers.
The pattern of longitudinally averaged zonal wind (table 2) displays a 15' shift in latitude of the maximum during the course of a year, with the maximum a t its lowest latitudes in winter. In conjunction with this seasonal variation, low-latitude easterlies appear in summer up to about 27.5' N.
The maximum poleward momentum transport in wave number 1 (table 3, fig. 1 ) occurs near 37.5' N. in winter, while secondary positive maxima appear at higher latitudes in June and September. A small negative (equatorward) transport is found in most months at higher latitudes, extending northward to about 37.5" N. It is interesting to note that the summertime easterly zonal flow is generally accompanied by equatorward momentum flux by wave number 1 a t low latitudes. The maximum positive transport apparently takes place in latitudes north of the zonal westerly wind maximum in June, September, and the winter months, but in view of the uncertainty in the positions of the momentum flux and mind maxima, the latter relationship may not be significant.
In contrast to wave 1 and, indeed, to all the other waves presented here, wave 2 (table 4, fig. 2 ) is characterized by large negative transports with their maximum a t high latitudes, extending in winter into middle latitudes. To a much greater extent, than any other wave, wave 2 exhibits 265-240 0-67-6 low-latitude negative fluxes of substantial magnitude, with maximum poleward penetration in summer.
The most notable feature of wave 3 (table 5, fig. 3 ) is its dominant role in the positive transport in middle latitudes during the cooler months. Transport by this wave number in July and August, on the other hand, is reduced considerably. As with most other waves, the exact location of maximum flux and its relationship to the zonal-wind maximum are not clearly defined. However, convergence of angular momentum transport (-ATm/A@) is generally associated with the region northward of the maximum westerlies.
Tables 6-12 indicate that for wave numbers greater than 3 the overall patterns are not sufficiently different from one another to merit detailed, individual attention. I n general, they display a latitudinal shift of maximum transport with season in conjunction with the shift of the zonal-mind maximum. The negative transports at high latitudes also show a seasonal displacement with their lowest latitudinal penetration in winter. Within these similar large-scale patterns, however, there are certain distinct features worthy of mention.
In wave 4 (table 6), the positive flux in low and middle latitudes dominates the picture, with the maximum in January a t about 32.5' N. Negative flux is found generally north of 52.5' N. except in May when it extends farther south.
As a group, waves 5 (table 7), 6 (table 8, fig. 4 ), and 7 (table 9) exhibit several maxima in poleward momentum transport during the year. Waves 5 and 7 display two maxima, in winter and spring, while wave 6 has these two plus an additional one in the fall. Furthermore, it is important to note that the summer positive transports for waves 6 and 7 and also waves 8 through 10 (tables 10-12) maintain their strength from the winter season to a larger degree than the planetary waves. In accord with our previous statements concerning the contributions of the higher wave numbers, however, we see a general decrease in flux strength for waves 8, 9, and 10. Table 13 and figure 5 present the sum of the transports by waves 1 through 10. As might be expected, its overall pattern tends to be smoother than those of the individual waves, but there is a remarkable latitudinal shift of maximum transport with season in conjunction with the shift of the zonal-wind maximum. The maximum holds a t 32.5' N. for the six months December-May, but shifts suddenly during June to a July-August position at 47.5' N.
from which it slowly retreats southward in the autumn. The negative transports at high latitudes also show a seasonal displacement with their lowest latitudinal penetration in winter.
DISCUSSION
We have previously noted that the normal variations in our measured values result in confidence limits for the 
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Mo. monthly means that are too great to permit precise location of the regions of maximum convergence of angular momentum flux. On the other hand, the general smoothness and continuity of our profiles suggest that the overall confidence is rather high. The "noise level'' is sufficiently low so that the general trends are not obscured.
Keeping the above in mind, and referring again to table 13, we see that the region of transition from low-latitude divergence to mid-latitude convergence of angular momentum is generally associated with the seasonal shift of the zonal-wind maximum. The maximum convergence in winter, however, is displaced about 5 O to 10' northward of the zonal wind maximum. Also, the measured eddy fluxes do not seem to account for the low-latitude summer easterlies. These features suggest that other terms in the balance equation for zonal angular momenturn will ultimately have to be taken into account.
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Of overall interest is the dominance of the momentum transports in winter by the larger-scale waves (n= [1] [2] [3] [4] [5] and the increase in relative importance of the shorter scales of motion in summer. In fact, the role of the largerscale waves is reduced to insignificance in July and August.
Inasmuch as the momentum transport is related to the tilt of the trough and ridge lines in the atmosphere (Starr and White [lo]), our results are in good agreement with the monthly mean 700-mb. trough-and ridge-line positions presented by Stark [8] .
The agreement of our results for the smaller wave numbers with those of van Mieghem et al. [12] , and for the sum of waves 1 through 10 with those of Starr and White [Ill for-the year 1950, is also worthy of note. The latter agreement is especially significant since the authors employed station data to calculate the fluxes by "standing" 
